Please use the following format when citing the article: Jukna V., Jukna Č., Prusevičius V., Meškinytė-Kaušilienė E., Pečiulaitienė N. 2017 
Introduction
Herbaceous forage is widely used for cattle feeding and has an impact on meat quality and nutritional value because it is composed of fatty acids and vitamin E.
"It has been shown that animals kept on pasture have higher concentrations of vitamin E in the muscle. Feeding grass silage caused a higher vitamin E concentration in beef compared to maize silage" (Schwarz et al., 2003) . According to Canadian scientists, the level of vitamin E in the meat of bulls fed grass silage was two times higher as compared to the meat of bulls fed compound feed. The meat of bulls fed grass was determined to have a better flavour than the meat of grainfed bulls (Aldai et al., 2011 ). However, "concentrate feeding resulted in higher intramuscular fat levels than grass-based feeding" and "growth performance of bulls was lower on the grass-based system compared with concentrates" (Nuernberg et al., 2005) . The cattle meat production efficiency depends on how they were fed. When selecting beef cattle breeds for growing in a farm, it is important to assess the farmland and to ensure that animals would receive forage with proper energy content (Dierking et al., 2010) . The high quality of meat from beef cattle indicates that offspring are fed high energy forage. If farmers are able to provide good quality forage for beef cattle, then they can use the extensive beef cattle farming system (Jukna, Jukna, 2004) . In order to produce a good quality meat, animals must be fed good quality forage. Rations for beef cattle must be balanced.
Beef biological value is determined by the essential amino acids and lipid structure (Raes et al., 2004; Serra et al., 2004) . Beef is a source of proteins, minerals and vitamins. Thus, beef performs an important role in human diet (Jukna et al., 2006; . However, consumers are concerned that red meat contains saturated fat and cholesterol (Ozluturk et al., 2004; Michal et al., 2006) . It is known that not only the amount of fat but also the structure plays an important role in health maintenance (Vandendriessche, 2008; Wood et al., 2008) . The amount of fat in meat can vary widely depending on various factors: species of animal, the particular cut of meat, the degree of separation of fat from the meat in various handling phases, cooking technique, etc. (Schonfeldt, Gibson, 2008; Taniguchi et al., 2008; Web, O'Neill, 2008) . The highest quality of meat is produced from purebred cattle. Cattle breed is one of the very important factors that affect fat tissue distribution (Chambaz et al., 2003) . At the same weight and degree of fatness, different breeds may have different proportions of intramuscular, intermuscular and subcutaneous fat (Purslow, 2005; Serdaroglu, 2006) . Researchers Žgur and Čepon (2007) assessed that beef breeds (Hereford, Angus and Simmental) deposit more subcutaneous and less intramuscular fat. Beef quality describes the chemical composition and physical properties of meat (Jukna et al., 2010 a) . The chemical composition of meat contains complex chemical compounds that determine its nutritional value (Jukna et al., 2008; 2009 b) . The protein composition of muscle affects the colour and texture of the meat, water holding capacity and other properties (Jukna et al., 2006) . In addition, muscle tissue contains lipids. The chemical composition of meat depends on species, animal age and sex, feeding conditions and health status. Physical properties of meat were evaluated according to its colour, pH, water holding capacity, shear force and cooking loss (Vieira et al., 2007; Bendikas et al., 2008; Jukna et al., 2009 a; 2010 b) . Water holding capacity is an important technological characteristic of meat (Vavrišinova et al., 2013) . The colour and appearance of meat shows its marketability. The pH level determines the suitability of meat for sale and is associated with meat colour and water holding capacity (Rotta et al., 2009 ). Researchers Nuernberg et al. (2005 assessed that "muscle pH was higher in bulls on the grass-based system and muscle colour was darker in the animals on the grass-based diet and these animals had tougher meat as measured by shear force". Shear force is an important index for evaluating the meat quality. The amount of connective tissue and the structure of proteins influence shear force (Jukna et al., 2008; 2010 b) . Since the appearance, tenderness, juiciness and flavour of meat affect consumers perception of quality, farmers should be aware of differences between breeds and meat quality which depends on feeding quality and housing conditions (Chambaz et al., 2003; Culioli et al., 2003; Jukna et al., 2006; Wood et al., 2008; Bendikas et al., 2009) .
The aim of this study was to investigate the changes in meat quality characteristics of different beef cattle breeds fed high energy forage.
Material and methods
The research was carried out in 2015 and included 200 days old uncastrated beef cattle. The breeds tested included Limousin, Charolais, Angus, Hereford and Simmental. Animals were divided into two groups of 10. The control group included purebred bulls which were selected at age of 210 days. The slaughter age was 500 days. The bulls of each breed were under the same housing and feeding conditions at the company "Šilutės Breeding Sation". Concentrated animal feeding accounted for 48-50% of the total feed. Animals were given a certain amount of concentrated forage plus the silage ad libitum. The rest of feed consisted of small amounts of grass and corn silage.
The amount of feed consumed was calculated from the difference between the amount of given feed and the amount of feed left uneaten. Forage quality was analysed in laboratory "Žalvija". Combined forage was made according to the recipe Lit K 65-13/156 (PLC Kauno Grūdai, Lithuania). Forage consisted of barley, oats, rye bran, malt sprouts, sunflower meal, calcium carbonate, protein vitamin supplement and sodium chloride supplement VMP (Josera GmbH & Co. KG, Germany) for bulls.
Feed composition is presented in the Table 1 . The tested animals were weighted at the ages of 210 and 500 days. The daily weight gain and feed intake (kg of weight gain) were calculated according to the weighting data.
When the bulls were 500 days old, 5 bulls from each group, best meeting the average indicators, were selected for control slaughter. Meat quality tests were carried out at the Centre of Animal Husbandry Selections, Breeding Values and Dissemination, Aleksandras Stulginskis University. Meat samples for determination of meet quality were taken at the last ribs from the musculus longissimus dorsi. The meat quality evaluation was carried out 48 h after slaughter. The chemical composition and physical properties of meat were analysed. The analysis included the following features: dry materials (automatic instruments SM-1), ash (organic matter incineration at 600-800°C to constant weight), meat pH (pH-meter INOLAB3, Xylem Analytics Germany Sales GmbH & Co. KG., Germany), meat colour (CIE-LAB) tristimulus values, lightness (L*), redness (a*) and yellowness (b*) (CR-400 Chroma Meter, Konica Minolta Business Technologies Inc., Japan), drip loss (samples of 24 h), water-holding capacity (Grau-Hamm (1953) method), total meat mass moisture content % (Hamm (1972) pressing method), shear force (Warner (1928) and Bratzler (1932) Statistical analysis. The statistical package R, version 2.0.1 (Gentleman, Ihaka, 1997 ) was used to estimate data. The Student's t-test was used to determine differences among the means. Differences were considered statistically reliable when P < 0.05.
Results and discussion
The chemical composition of high energy forage for different breeds beef is presented in the Table 2 .
The data in the Table 2 shows that the highest amount of dry matter was observed in the Aubrac meat, while the lowest amount was in the Simmental bovine meat. The difference reached up to 2.08% (P < 0.01). The highest level of protein was observed in the meat of Aubrac breed, while the Hereford meat had the lowest level of protein. The difference reached up to 1.79% (P < 0.05). According to the results, the Hereford meat was the highest in fat, whereas the Aubrac meat was the lowest. The difference reached up to 1.48% (P < 0.05). The highest amount of ash was determined in the Hereford meat, while the lowest amount of ash was in the meat of Charolais breed. The difference was 0.11% (P < 0.05).
CIE-LAB tristimulus values of the purebred Lithuanian meat are presented in the Table 3 . The data in the Table 3 above shows that the meat of Hereford breed was the lightest, while the Limousine meat was the darkest. The difference reached up to 2.81% (P < 0.05). The meat of Aubrac breed was the reddest, while the Hereford meat was of the lightest red. The difference reached up to 7.23% (P < 0.01). The finding of the yellowness revealed that the meat of Charolais breed was the yellowest, whereas the Limousine meat was of the lightest yellow. The difference reached up to 1.47% (P < 0.01).
The pH of meat from cattle of different breeds is presented in the Figure 1 .
The data presented in the Figure 1 shows that the highest pH was observed in the meat of Charolais breed, while the lowest pH was in the Hereford meat. The difference was 0.22 % (P < 0.001). Other analysed breeds had a pH between 5.52 and 5.62.
Physical properties of meat from different breeds are presented in the Table 4. According to the results presented in the Table  4 , it can be stated that the drip loos in meat, water holding capacity and cooking losses vary depending on the cattle breed. The meat of Charolais breed had the highest drip loss content, while the Simmental beef cattle breed had the lowest. The difference reached up to 3.52 (P < 0.01). The highest water holding content was observed in the meat of Simmental breed, while the lowest water holding capacity was of Aubrac breed meat. The difference reached up to 7.06 % (P < 0.01). The highest cooking loss was observed in the meat of Charolais beef cattle breed, while the lowest cooking loss was of the Hereford breed meat. The difference reached up to 5.05 % (P < 0.01). The toughness of meat from cattle of different breeds is presented in the Figure 2 .
According to the data presented in the Figure  2 , the meat of Aubrac breed was the toughest, while the meat of Charolais breed was the softest. The difference reached up to 0.9 mg cm 2 (P < 0.01). Meat toughness indexes of other breeds varied from 2.22 and 2.46 mg cm 2 (P < 0.05). Our study has proved that the meat has different meat quality indexes which depend on the breed of beef cattle. This fact was proved by other researchers as well. Golze and a group of researchers (2009) carried out a comparative study regarding protein amount in the meat of Simmental, Limousine, German Angus and Galloway cows, and had stated that the highest amount of protein was observed in Simmental, while the lowest amount of protein was in the German Angus cattle meat. During other studies, Golze and other researchers (2002) carried out comparative studies regarding physical properties of Simmental, Limousine and Angus breed bull meat, and identified breed differences with respect to the properties of cooking, baking, chroma (colour) L and toughness. There was no pH differences identified between various breeds. Martin (2010) compared the meat quality of the Charolais, Ukermarker, Simmental, Limousine, Hereford, Angus, Aubrac and Salers breeds and identified that the breed had an impact on a number of meat quality indexes.
Conclusions
The meat quality of different cattle breeds 1. was influenced differently by the high energy forage. Intramuscular fat content influenced meat flavour and juiciness. Thus, the meat of Charolais and Hereford was of the highest quality, whereas the meat of Aubrac and Limosine was of the lowest quality.
The influence of breed on the amount of 2. dry matter in meat was not significant. The meat of the Aubrac breed was the highest in protein, while the meat of Hereford was the lowest. The difference reached up to 1.79% (P < 0.05). Some breed differences regarding the meat toughness were observed as well. The meat of Aubrac was the toughest and the meat of Charolais was the softest. The difference reached up to 0.9 kg cm 2 (P < 0.01). The differences regarding water content in meat, water holding and cooking loss were not significant.
The amount of intramuscular fat in meat 3. varied between different breeds. The highest amount of intramuscular fat was observed in the meat of Hereford breed, while the meat of the Aubrac breed was the lowest in intramuscular fat. The difference reached up to 1.48% (P < 0.05).
The study revealed that the meat between 4. breeds differs in physical qualities as well. The meat of French breeds (Charolais and Limousine) was brighter, its water holding capacity was higher -0.78-0.82% (P > 0.05) as compared to early-maturing English breeds (Hereford and Angus).
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